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FINAL  TECHNICAL  REPORT  /N 

In  1970  we  proposed  a research  project  directed  towards  development 
of  Information  that  might  lead  to  a method  of  scavenging  electrons  from  , 

hot  gases  such  as  jet  and  rocket  engine  exhausts.  The  presence  of 
electrons  In  such  hot  gases  Interferes  with  communication  to  the  vehicle 
and  It  %rould  be  desirable  to  remove  them.  Such  removal  would  almost 
certainly  have  to  be  accomplished  by  attachment  to  molecules  or  free 
radicals  normally  present  or  Introduced  Into  the  hot  gases.  Unfortunately, 
at  the  time  there  was  relatively  little  Information  concerning  electron 
affinities  of  molecules  and  radicals  or  of  the  processes  leading  to  the  ^ 
formation  of  such  negative  Ions.  Our  project,  then,  was  directed  towards 
the  study  of  such  processes  with  a view  to  Identifying  those  that  would 
lead  to  the  formation  of  negative  ions  In  the  appropriate  energy  range 
and  of  measuring  the  electron  affinities  of  various  Important  species.  . 

Cross  sections  would  also  be  desirable  to  determine.  Thus,  It  was  \ 
necessary  from  the  beginning  to  develop  some  understanding  of  the  rules 
Involved  In  the  formation  of  negative  Ions  and  to  measure  the  energies 
at  which  electrons  are  attached  to  various  molecular  species. 

Since  electrons  do  not  attach  directly  to  molecules,  except  In  rare 
Instances,  the  practical  formation  of  negative  Ions  must  Involve  the 
process  of  dissociative  resonance  capture  and  the  greater  part  of  the 
work  done  on  the  research  project  has  Involved  studies  of  dissociative 
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in  most  Instances  it  was  very  obvious  that  a great  amount  of  excess  energy 
was  involved.  Thus,  while  we  could  measure  the  appearance  potentials; 
i.e.,  the  minimum  electron  energy  at  which  a negative  ion  is  formed  from 
a given  molecule,  it  was  often  very  evident  that  at  least  one  of  the 
products  of  decomposition  was  highly  excited.  The  only  method  available 
to  us  for  measuring  this  excess  energy  was  to  measure  the  translational 
energy  of  the  product  ion.  A technique  for  making  such  measurements  had 
been  developed  in  our  laboratory  and  our  first  effort  was  to  develop  a 
means  of  applying  this  technique  to  negative  ions.  This  was  difficult 
because  the  intensities  of  negative  ions  is  normally  much  less  than  those 
of  positive  ions.  There  wns  an  advantage,  however,  in  that  with- 
dissociative  resonance  capture  processes  the  electron  and  its  energy 
remains  with  the  system  and  thus  meaningful  measurements  of  translational 
energy  as  a function  of  electron  energy  was  possible.  He  found,  in  most 
Instances,  that  translational  energy  Increased  linearly  with  electron 
energy.  It  was  thus  possible  to  extrapolate  the  translational  energy 
curve  to  a thermal  onset  which  would  represent  the  energy  of  formation  of 
the  ions  and  accompanying  neutrals  in  the  ground,  vibrational,  rotational 
and  translational  energy  states.  In  a number  of  Instances  one  of  the 
products  proved  to  be  electronically  excited.  This  was  usually  the 
neutral  partner  but  in  one  or  two  Instances  the  negative  ion  proved  to  be 
electronically  excited . 

As  our  techniques  Improved,  it  became  possible  to  make  meaningful 


measurements  on  a considerable  number  of  compounds  that  yielded  an 
abundance  of  negative  ions.  The  electron  affinities  and  electronic 
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transition  energies  have  been  measured  for  a considerable  number  of 
molecular  species  and  these  results  have  been  Included  in  several 
publications.  A list  of  these  publications  is  attached.  Note 
that  one  paper  has  been  accepted  for  publication  but  hasn't  yet  appeared 
and  a second  has  been  completed  but  has  not  yet  been  accepted.  One  or 
two  more  papers  dealing  with  positive  ions  are  being  prepared  and  will 
shortly  be  submitted  for  publication. 

As  a result  of  our  studies,  we  have  now  determined  a considerable 
number  of  electron  affinities  not  previously  determined  and  have  begim 
to  develop  an  understanding  of  the  behavior  of  dissociative  resonance 
capture  processes.  This  has  been  especially  true  of  the  relation  of 
molecular  structure  to  the  energy  distribution  in  the  products  of  reaction. 
We  think  that  this  has  been  an  important  development  and  we  hope 
eventually  to  continue  studies  along  this  line.  Although  much  remains 
to  be  done  in  this  field,  we  are  encouraged  to  think  that  we  have  made 
some  very  important  developments  with  the  support  of  the  Navy. 
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